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(54) SEPARATOR USED IN BATTERY 

(57)Abstract: 

PURPOSE: To provide a film excellent in impregnating ability of electrolyte by mixing a polyvinylidene fluoride in the specific 
ratio in polyethylene having specific viscosity average molecular weight, 

CONSTITUTION: A separator used in a battery contains polyethylene having viscosity average molecular weight not less than 
50 thousands by 20 to 95wt.% and a polyvinylidene fluoride by 5 to 80wt.%. In a vinylidene fluoride used in this separator, 
weight average molecular weight is preferable to be 2 millions. More preferably, it is 100 thousands to 1 million. When a 
polyvinylidene fluoride having weight average molecular weight less than 50 thousands is used, since viscosity at melting is too 
low and uniform mixing with polyethylene is insufficient, it cannot be put to practical use. When the weight average molecular 
weight exceeds 2 millions, since fluidity at melting is small, thin film moldability by extrusion molding of a T die or the like is 
deteriorated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The separator used for the cell characterized by with a viscosity average molecular weight of 50,000 or more 
polyethylene containing 5 - 80wt% for 20 - 95wt% and polyvinylidene fluoride. 



[Translation done.] 



1 of 1 



5/6/04 5:33 PM 



hUp://www4. ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with separators for cells, such as a lithium cell and a lithium ion battery. If it furthennore 

states to a detail, it is related with the separator for nonaqueous electolyte cells. 

[0002] 

[Description of the Prior Art] The fine porosity film which consists of polyolefme and mixture of rubber is indicated as indicated 

by JP,6-163023,A. 

[0003] 

[Problem(s) to be Solved by the Invention] The electrolytic-solution impregnating ability of the fme porosity film made from 
polyethylene which is generally hydrophobicity is not good. The quality of electrolytic-solution impregnating ability is greatly 
concerned with the productivity at the time of cell assembly. As for the sinking-in process of the electrolytic solution, it is 
common to carry out vacuum impregnation of an electrode and the separator, after inserting this winding object in the cell can 
after winding. The productivity of this sinking-in process becomes high, so that the electrolytic-solution impregnating ability of a 
separator is good. 

[0004] Furthermore, it is said that the good separator of electrolytic-solution impregnating ability is excellent in the cycle 
property of a cell. Moreover, the charge-and-discharge property of a cell is so good that the alternating current electric resistance 
after electrolytic-solution sinking in is low. Then, although this invention person was indicating the separator which consists of 
polyethylene and mixture of ethylene propylene rubber, he was not enough. 
[0005] 

[Means for Solving the Problem] A header and this invention were completed for solution of an expected technical problem 
being made to polyethylene by mixing polyvinylidene fluoride. That is, it is the sinking-in approach of the electrolytic solution to 
the separator used for the cell characterized by with a viscosity average molecular weight of 50,000 or more polyethylene 
containing 5 - 80wt% for 20 - 95wt% and polyvinylidene fluoride, and this separator. 

[0006] In this invention, a separator intervenes between the positive electrode of this cell, and a negative electrode, and means 
the fine porosity film with which it is made for a positive electrode and a negative electrode not to contact direcdy. As 
polyvinylidene fluoride used for this invention, a vinylidene fluoride homopolymer and a vinylidene fluoride copolymer are 
mentioned. Although what is 6 vinylidene fluoride, 3 fluoride-salt-ized ethylene, tetrafluoroethylene, and propylene fluoride and 
one or more sorts chosen from ethylene of copolymers as a copolymer of vinylidene fluoride is used, a vinylidene fluoride 
homopolymer is used preferably. 

[0007] Weight average molecular weight is 50,000 or more, and, as for the polyvinylidene fluoride used for this invention, it is 
desirable that it is 2 million. It is 100,000 to 1 million still more preferably. When weight average molecular weight uses less 
than 50,000 polyvinylidene fluoride, the viscosity at the time of melting is too low, homogeneity mixing with polyethylene is 
inadequate, and practical use cannot be presented. Moreover, if weight average molecular weight exceeds 2 million, since the 
fluidity at the time of melting is small, the thin film moldability by extrusion molding, such as a T die, will worsen. The amount 
of the polyvinylidene fluoride contained in a separator is 80wt% to 5wt(s)%. Preferably, it is 50wt% to 10wt(s)%. If a content 
exceeds 80wt(s)%, at oudets, such as a T die, drawdown is large, and fabrication nature is bad and camiot present practical use. 
Moreover, as for the impregnating ability of the electrolytic soludon, less than [ 5wt% ] is not enough as a content. 
[0008] Although high density, semi-gross density, and any of a low consistency are sufficient and such mixture is also available 
as polyethylene used for this invention, high density polyethylene is excellent in respect of fabrication naaire. Moreover, as high 
density polyethylene, the crystalline homopolymer which carried out the polymerization of the ethylene may be desirable, and a 
copolymer with ethylene, the propylene not more than 10 mol %, 1-butene, 4-methyl-l-pentene, 1-hexene, etc. is sufficient as it. 
The viscosity average molecular weight of the polyethylene used for this invention is 50,000 or more. Less than, at the time of 
melting, as for homogeneity mixing with polyvinylidene fluoride, less than 50,000 are [ viscosity average molecular weight ] 
insufficient, and it cannot present practical use. Although especially the upper limit of viscosity average molecular weight cannot 
be specified, if viscosity average molecular weight exceeds 3 million, since the fluidity at the time of melting is small, the thin 
film moldability by extrusion molding, such as a T die, will worsen. The amount of the polyethylene contained in a separator is 
20wt% to 95wt(s)%. The content of drawdown is large at outlets, such as a T die, less than [ 20\vt% ], and fabrication nature is 
bad and cannot present practical use. If a content exceeds 95wt(s)%, the impregnating ability of the electrolytic solution will 
become inadequate. 
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[0009] Hereafter, the desirable description is described among the separators used for the cell of this invention. Ten to 80% is 
desirable still more desirable, and porosity is 35% to 65%. At less than 10%, porosity has few amounts of sinking in of the 
electrolytic solution, and there is no **** in practical use as a separator for cells. If porosity exceeds 80%, a mechanical strength 
will fall and fault will arise at the time of cell assembly. Ikg/cm2 or more of a bubble point is desirable. 2kg/cm2 or more is 
3kg/cm2 or more still more preferably more preferably. The bubble point is said for the aperture as a separator to be too large 
and for an inter-electrode short circuit incidence rate to increase by less than lkg/cm2. Although there are various things as 
structure of a cell, when used as a separator of the cell wound around a curled form with an electrode, a certain thing of the 
elastic modulus of the direction of a machine is desirable 3000kg/cm2 or more. The above-mentioned property is acquired by 
adjusting a raw material component ratio etc. Especially, a polymer molar fraction can adjust porosity and a polymer molar 
fraction, the class of plastic izer, and the quantitative ratio of inorganic fine particles or a plasticizer can adjust an aperture. 
[0010] As for the thickness of a separator, it is desirable that it is 5 micrometers to 200 micrometers. In less than 5 micrometers, 
it is said that an inter-electrode short circuit incidence rate increases. If thickness exceeds 200 micrometers, alternating current 
electric resistance becomes high too much, and practical use cannot be presented. An example of the manufacture approach of 
this invention is explained to a detail. After fabricating in the shape of a sheet, carrying out kneading / heating fusion of a 
polymer, a plasticizer or a polymer, non-subtlety fine particles, and the plasticizer, it extract-removes and the separator used for 
the cell of this invention dries a plasticizer, or non-subtlety fine particles and a plasticizer, respectively, extends only 1 shaft 
orientations to 2 shaft orientations, and is obtained. 

[001 1] As a plasticizer, DBP, DOP, DNP, DBS, TBP, a liquid paraffin, etc. are mentioned, and the mixture of DOP, a hquid 
paraffin, and a DOP and a liquid paraffin is desirable from a viewpoint of compatibility with polyolefine. As a solvent of a 
plasticizer, polyethylene and polyvinylidene fluoride are not dissolved and common organic solvents, such as chlorine-based 
hydrocarbons, such as ketones, such as alcohols, such as a methanol and ethanol, an acetone, and MEK, 1, 1,1-trichIoroethane, 
and a methylene chloride, are used. 

[0012] As non-subtlety fine particles, fines silicic acid, a calcium silicate, a calcium carbonate, fines talc, etc. are mentioned, and 
fines silicic acid with small particle diameter is especially desirable from a viewpoint of aperture control of a separator. A 
polymer, a plasticizer or a polymer and non-subtlety fine particles, and a plasticizer are fabricated in the predetermined amount 
of mixing using a T die etc. with a thickness of 50 to 500 micrometers in the shape of a sheet with meldng kneading equipments, 
such as an extruder. Before supplying a polymer etc. to melting kneading equipments, such as an extruder, you may mix with the 
usual mixers, such as a Henschel mixer, and it is desirable from a viewpoint of homogeneity mixing. Moreover, in 30 to 170 
degrees C, this sheet-like moldings may be rolled out from 25 micrometers in sheet thickness to 450 micrometers with a 
reduction roll, and is desirable from a viewpoint of improvement in smoothness, 

[0013] It dries, after carrying out extract removal of the plasdcizer using a solvent and carrying out extract removal of the 
plasticizer from a sheet-like moldings using desiccation or a solvent, it continues, and after extracting non-subdety fine particles 
and drying with the extract solvent of non-subtlety fine particles, heating extension is carried out at 1 shaft orientations or 2 shaft 
orientations, and the method of obtaining a given thickness Mino separator is menfioned. The in general following mixed ratio of 
the amounts of mixing, such as a polymer, is desirable. "A mixed rafio" is [ the following and ] a weight ratio of each component 
to total weight (a polymer, a plasticizer or a polymer and a plasticizer, and non-subdety fine parficles). First, the polymer mixing 
ratio of polyethylene is explained. The mixed ratio of a polymer changes with viscosity average molecular weight of the polymer 
used. For example, when viscosity average molecular weight is high, it is desirable to set up a mixed ratio low. This is for 
affecting fabrication nature greatly, and, as for the mixed ratio of the viewpoint of fabrication nature to a polymer, selecfing is 
desirable. 

[0014] Moreover, if viscosity average molecular weight is less than 400,000, more than mixed ratio 50wt%, fabrication nature 
will be good and the selecfion range of a mixed ratio will spread. Viscosity average molecular weight can be adjusted also by 
mixing a polymer, and its mixing with high density polyethylene, and straight chain-like low density polyethylene and low 
density polyethylene is desirable. Although the viscosity average molecular weight of each of this polymer does not need to be 
less than 400,000, it is less than 600,000 still more preferably less than I million preferably less than 3 miUion from viewpoints, 
such as kneading nature. It is less than 500,000 most preferably. 

[0015] Furthermore, it is desirable to adjust so that the viscosity average molecular weight of this polyolefine mixture may blend 
high density polyethylene, stiaight chainTike low density polyethylene, low density polyethylene, etc. and may become less than 
400,000. Hereafter, the addition of the polymer of polyvinylidene fluoride is explained, as the amount contained in the separator 
in this invention with the content of polyvinylidene fluoride although the impregnating ability of the electrolytic solution differs 
- more than 5wt% of a raw material - if contained, remarkable effectiveness will be accepted and it will be more than 10wt% 
more preferably. In the manufacturing method of the separator which consists of a polymer and a plasticizer, the amount except a 
polymer turns into non-subflety fine particles and the amount of mixing of a plasticizer in the manufacturing method which the 
amount except a polymer serves as a plasticizer and becomes from a polymer, non-subtlety fine particles, and a plasticizer. As 
for the mixed rado of non-subtlety fine particles and a plasticizer, it is desirable for a plasticizer to be 1 .5 or more to the 
non-subtlety fine panicles 1. It falls [ the fluidity at the time of fabrication ] that this ratio is less than 1.5 and is not desirable. 
[0016] Next, an approach to carry out sinking-in processing of the electro lydc solution is explained to the separator of this 
invention. Carbonates, such as propylene carbonate, ethylene carbonate, and dimethyl carbonate, gamma-butyl lactone, a 
sulfolane, dimethyl sulfoxide, etc. are used for the electrolytic solution, and propylene carbonate is mainly used for it. In the 
above electrolytic solutions, electrolyte salts, such as LiPF6, LiBF4, and LiC104, may contain. 

[0017] Sinking-in processing takes temperature down stream processing, since temperature processing may perform sinking in to 
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a separator after adjusting the electrolytic solution to constant temperature beforehand, and the electrolytic solution is infiltrated 
into a separator ~ these - warming -- you may process. It is desirable to carry out this temperature processing at an 
electrolytic-solution sinking-in process from viewpoints in the case of sinking in at the time of cell assembly etc. Although the 
temperature of the electrolytic solution needs to be 45 degrees C to 130 degrees C, it can decide experimentally easily and that 
example is given into an example so that selection of the temperature within the limits of this may serve as the electrolytic 
solution to be used or the electrolytic solution, and temperature to which an electrolyte salt does not decompose and deteriorate. 
100 degrees C is 60 degrees C to 90 degrees C still more preferably from 45 degrees C preferably. 

[001 8] although based also on properties, such as viscosity of the electrolytic solution, if the time amount holding a separator is 2 
minutes or more still more preferably and does not have disassembly of the electrolytic solution etc., degradation, etc. 60 seconds 
or more preferably 30 seconds or more, it is still more enough — time amount maintenance may be carried out. Sinking-in 
processing is carried out within the cell can at the time of cell assembly, or this sinking-in process may give sinking-in processing 
of the electrolytic solution to a separator beforehand before cell assembly. Alternating current electric resistance found out 
falling by this sinking-in processing compared with the separator of processing in which it does not sink in so that this invention 
person irdght explain in the example. Two or less 1.2 olmi-cm is desirable still more desirable from a viewpoint of the 
charge-and-discharge property of a cell, and alternating current electric resistance is two or less 1.0 ohm-cm. By the well-known 
approach, the two or more sheet laminating of the separator explained above may be carried out, a laminating may be carried out 
to other well-known separators, and it may be used. 
[0019] 

[Example] Hereafter, the example of this invention is explained. In addition, a measuring method is also shown below, 

(1) Using the viscosity-average-molecular- weight decalin of polyethylene, viscosity was measured with the UBEROZE mold 
viscometer at the measurement temperature of 135 degrees C, and viscosity average molecular weight was calculated by the 
formula of Chiang. 

(2) the polystyrene conversion molecular weight by the weight average molecular weight GPC of polyvinylidene fluoride - 
product made from (a) GPC measuring device:Oriental soda LS-8000 (b) column: - GMHXL (c) solvent: - DMF(d) column 
temperature: ~ it measured at 40 degrees C. 

[0020] (3) The porosity lOcmxlOcm sample was started, the weight at the time of the water of a sample, the weight at the time of 
a bone dry, and thickness were measured, and it asked from the bottom type. 
Porosity =(hole volume / separator volume) xlOO (%) 

Hole volume = ((wet weight g)-oven dry weight (g)) the consistency of /water (g/cm3) 
Separator volume - lOOx thickness (cm) 

(4) Bubble point ASTM The bubble point in ethanol was measured based on E-128-61. 

(5) Using the form autograph AG-A mold by elastic-modulus Shimazu, the magnitude of a test piece performed the tension test 
in the distance between chucks of 50mm, and speed-of-testing 200 mm/niin by width-of-face [ of lOinm ] x die length of 100mm, 
and measured the elastic modulus. The test piece was cut down so that the direction of a machine of a separator might turn into a 
longitudinal direction of a test piece. 

[0021] (6) It measured with the AG[ by alternating current electric resistance Ando Electric ]-43 1 1 mold LCR meten 
(a) Electrolytic solution : propylene carbonate 50 volume % dimethoxyethane 50 volume % lithium perchlorate 1 mol/dm3 (b) 
conditions : Distance between platinum-electrode plates 3mm plate area 0.785cm two alternating currents IkHz (c) assembly : It 
measured with the dial gage of the 1 micrometer of the thickness minimum graduations of (7) separators indicated to drawing 2 . 
(8) Start a propylene carbonate sinking-in time amount separator to 30mmx30mm, and as shown in a glass plate with a thickness 
[ 3mm ] of 25mmx20mm at drawing 2 , insert. This this pinching anchorage is sunk in into propylene carbonate. Time amount 
until propylene carbonate sinks in all over a 30mmx30mm separator was made into propylene carbonate sinking-in time amount. 
The judgment of whether propylene carbonate sank in all over the separator has fully been visually judged with transparency (if 
propylene carbonate sinks in, transparency will improve notably and the part into which it does not sink, and a clear difference 
will come out). 
[0022] 

[Example 1] 10wt(s)%, high-density-polyethylene 25wt% of the viscosity average molecular weight 280,000, the polyvinylidene 
fluoride of weight average molecular weight 240,000 mixed liquid paraffin 42wt% with the Henschel mixer fines silicic acid 
18wt% 5wt(s)%, and the high density polyethylene of viscosity average molecular weight 500,000 obtained the sheet-like 
moldings with a thickness of 140 micrometers using the sheet manufacturing installation which attached the T die of 450mm 
width of face in the phi30mm 2 shaft extruder for this mixture, and the phi300mm reduction roll. In addition, the viscosity 
average molecular weight of a polyethylene constituent was less than 400,000. 

[0023] The thickness of the sheet which came out of the T die was [ the temperature of 180 degrees C and a reduction roll of 500 
micrometers and extrusion temperature ] 120 degrees C. The fabricated sheet was immersed for 10 minutes into 
1 , 1 ,1-trichloroethane, and after extracting a liquid paraffin, it was dried. Polyethylene and polyvinylidene fluoride were not 
extracted. It was immersed for 60 minutes into 60 more-degree C 25% caustic alkali of sodium, and fines silicic acid was 
extracted. Polyethylene and polyvinylidene fluoride were not extracted. Furthemiore, it rinsed, and it dried and considered as the 
fine porosity fdm. Furthermore, the fme porosity film was 2-double-extended crosswise in 4 times and the direction of the 
direction of a machine by the stretcher under the 1 25-degree C ambient atmosphere, and the separator was obtained. The 
property of the obtained separator was shown in Table 1. 
[0024] 
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[Example 2] It carried out like the example 1 except having used [ high-density-polyethylene 8w^% of the viscosity average 
molecular weight 500,000 ] liquid paraffin 42vvt% polyvinylidene fluoride 8wt [ of weight average molecular weight 460,000 ], 
and fmes silicic acid 18wt% high-density-polyethylene 24wt% of the viscosity average molecular weight 280,000. In addition, 
the viscosity average molecular weight of a polyethylene constituent was less than 400,000. Moreover, polyethylene and 
poly\anylidene fluoride were not extracted at the time of a plasticizer extract and a fines silicic acid extract. The property of the 
obtained separator was shown in Table 1. 
[0025] 

[Example 3] Except that viscosity average molecular weight used liquid paraffin 42wt% fmes sihcic acid 18wt% polyvinylidene 
fluoride 8wt% of the weight average molecular weight 240,000 straight chain-like low-density-polyethylene 6wt% of 1 20,000 
high-density-polyethylene 18wt% of the viscosity average molecular weight 280,000 high-density-poiyethylene 8wt% of the 
viscosity average molecular weight 500,000, it canied out like the example 1 . In addition, the viscosity average molecular weight 
of a polyethylene constituent was less than 400,000. Moreover, polyethylene and polyvinylidene fluoride were not extracted at 
the time of a plasticizer extract and a fines silicic acid extract. The property of the obtained separator was shown in Table 1. 
[0026] 

[Example 4] It cairied out like the example 1 except having used liquid paraffin 42wt% fines silicic acid 1 8wt% polyvinylidene 
fluoride 12wt% of the weight average molecular weight 240,000 high-density-polyethylene 18wt% of the viscosity average 
molecular weight 280,000 high-density-polyethylene 8wt% of the viscosity average molecular weight 500,000. In addition, the 
viscosity average molecular weight of a polyethylene constituent was less than 400,000. Moreover, polyethylene and 
polyvinylidene fluoride were not extracted at the time of a plasticizer extract and a fmes silicic acid extract. The property of the 
obtained separator was shown in Table 1 . 
[0027] 

[Example 5] Except that viscosity average molecular weight used liquid paraffin 37wt% fmes silicic acid 13wt% polyvinylidene 
fluoride 8wt% of the weight average molecular weight 240,000 straight chain-like low-density-polyethylene 10wt% of 120,000 
high-density-polyethylene 22wt% of the viscosity average molecular weight 280,000 high-density-polyethylene 10wt% of the 
viscosity average molecular weight 500,000, it carried out like the example 1 . In addition, the viscosity average molecular weight 
of a polyethylene constituent was less than 400,000. Moreover, polyethylene and polyvinylidene fluoride were not extracted at 
the time of a plasticizer extract and a fines silicic acid extract. The property of the obtained separator was shown in Table 1. 
[0028] 
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[0029] 

[The example 1 of a comparison] Ethylene-propylene rubber (EPOIP by Japan Synthetic Rubber [ Co., Ltd. ] Co., Ltd.) 2.2wt% 
of the weight average molecular weight 200,000, fines silicic acid 21wt%, DOP57wt% was mixed with the Henschel mixer and 
this mixture was fabricated by the sheet manufacturing installation which attached the T die of 450mm width of face in the 
phi30mm 2 shaft extruder with a thickness of 150 micrometers in the shape of a sheet high-density-polyethylene 8.8wt% of the 
viscosity average molecular weight 480,000 high-density-polyethylene 1 1 wt% of the viscosity average molecular weight 3 
million. 

[0030] After the fabricated sheet was immersed for 10 minutes into 1,1,1-trichloroethane, it dried after extracting DOP, and it 
was immersed for 60 ininutes into 60 more-degree C 25% caustic alkali of sodium and extracted fines silicic acid, it rinsed and 
dried and it was used as the fine porosity film. Furthermore, this fine porosity film was extended so that thickness might be set to 
25 micrometers by the 1 shaft roll drawing machine heated by 125 degrees C, heat treatment was performed for 5 seconds under 
the 1 15-degree C ambient atmosphere, and it considered as the separator. The property of the obtained separator is shown in 
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Table 1. 
[0031] 

[Example 6] It started in magnitude of SOnim, four-corners immobilization was carried out at the 50mmx50mm Teflon plate with 
a thickness of 3mm, and after making it immersed on the conditions shown in Table 2 into the electrolytic solution (propylene 
carbonate 50 volume %, dimethoxyethane 50 volume %, perchloric acid 1 mol/dm3), alternating current electric resistance was 
measured for the separator of an example 1 under 25 degrees C of 80mmx ejection. A measurement result is shown in Table 2. 
Moreover, the temperature of the separator into which the electrolytic solution was infiltrated was the same as the temperature of 
the electrolytic solution, 
[0032] 

[The example 2 of a comparison] Electrolytic-solution sinking-in processing was earned out for the separator of the example 2 of 

a comparison like the example 6. The obtained result was shown in Table 2. 

[0033] 
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[0034] 

[Effect of the Invention] The separator of this invention is excellent in polyethylene by carrying out specified quantity mixing of 
the polyvinylidene fluoride at the impregnating ability of the electrolytic solution, and has the description that the separator after 
sinking in the electrolytic solution has low alternating current electric resistance. 
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^^rS*>'8 0wt%2:j6gi.|,i:. T^S^-f ^ajPtCtJV^ 

Yxi~y'^yifi±^<. mmm^<. mz 

[0008] *SEHj}tjj3v^^,jx§;Kyxf-^yfc LT 

coa-&!|*iT't»b^:vW. «?if^.-Kyx^py3!)>')SJBSB 
Itt<7)^T'ffiii&. ±ti. «m-K»Jx^wyfcLT 
{i, x^^j^^a^Ltigiatt<7)#4llfi^A^il^L 

x.^vyt 1 o*;i'%OT£orohr^y, 1 -rr 
y^ 4-;<^;i'-i-'^yry. i-'v^-by^tco* 
M^-CtAv^ *5|Bgfcfflv^^>ixS5Kyx^uycott 

*J3 0 07j2:Si.^t. ^»<7)«aMt*^/hSvifcto. 

-b>'tU-;J't^^r§ilSJKyx^U-y«0«±, 2 0wt 
%*^<i> 9 5 w t %T'*) & „ -^«*>'2 0 w t %5feSfC 

mfmmim<. mM^zmLt^£\^. ^***^9 5w 

[0009] *5|HB«0«ffttfflV^^»flS-byNV- 
80%tpM^L<. 3^.t«F^ L<{±3 5%*>^>6 5% 

m::^Sr^*^-fS. ''^'7';^5}^^y^^i. 1 kg/cm 
^tlhi^mn-^. J:0iff*L<{i2kg/cm2JJUi. 
§^tl?iL<<i3kg/cin2m:-C*S„ 
40 yb*n kg/cm2*g}T-J±. -tyN-U—^fc L.T«0 

izw&tmzmm^ti^Wi<^-bj'<i^~i^ t trfflv^t, 
tih^izii^ mm'^cm^mis 0 0 0 k g/c m 

mi^t?>Ztlziiomtil. ^?L*tov^ 
T<±--Ky 0, ^mzr>\,^Xi±ii 

50 [00 1 0] •b/NV-^'«OW${l, 5//m*>^>200At 



3 

[00 1 1 ] nJHIflJfc LTJl, DBP. DOP. DN 

p, DBS. TBP. mi^-<:yy ^ymmfi^ti. ;k 
0:^)yy H ykcolsm^c^mAt^i^. DOP, mt^'^y 
y<v. DOPtrn'-^^^-f y^ofi^!fe*^a*t<,^„ 

1, 1. iSfl:;^^-^^^!?^ 
[0012] *E«fSi&(*t LTJi. SSS)Ja6, ^fllV 

*»*,5 0 0/xm«ff$cOi^-hUet::^i--&. fflLSt 

ti3 0t:*>fe 1 7 O'CtOKHTEEgp-zHcJ: r>T . 
-hi[^25//m*^f>450// mtEEgLT t)flli?-f , 

[ 0 0 1 3 ] bttBgJBll*»^> , M^fflV^TBIM 

M&tx*Hiiiss[i»ttc) \,zmh^m<rmsX(Mxh 

Xtt(7)«^*-^> . 'J ■7-<7);S^Jt${i^-r ■& ^ 
[ 0 0 1 4 ] ay;:, ttffi¥l^^*««4 07J*S|/vftlg 

^lt*5 0wt%jyji-ct>jiagjin:tt{4S»Tj>o, il 



(3) !^m^8-236095 

4 

4 07J3te1fC*>l.'iS«=5:V^A^ ^tt 
m<milii-h 3 0 07j3fell, ff^ L< J4 1 0 07T*)1, 
$^tffaL<«. 6 073*>1IT'J)S, Stif^K 

5 07j*^T$>S. 
[001515 ^>W4. J5j-U7 ^ y^^iOlilig 

10 ¥i^^H^»*^ s?&S5Kuxf-vy, ^as«^s?^fffi4^y 

X^l^y, fi^S^K'Jx^py^SryuyHLT, 4 0 
^ix.. J:0»*L<ttl Owt%fiLh,T-fcS. ^'Jv- 

h^mm^t,ts:i.^>^v-9(mwiAzii\^x\±. 
¥f.)L^m^m.^Y(m±. Mm^^\\zn\jx^m\ 
[00161 ^wm^f^v-nz'^m&.n^m 

tJ±, -rxi\ivvij~if^^-\-tim\^t^ixX^^h. ±g 
COi^^mWJSC, LiPFe. LiBF4, LiClO 

[00171 ^jii!j«ifc{msj!iais^si-&. ^ 
^\t. =fmm.^~'^smz^vx-h^t^^)^v- 

40 4 5'c*>^>i3 0ict:'j)i.::t*i'^T'j).& 

{ajWtffcW*. iffll L<<44 5'C*>A>1 0 or. §f> 
tffa L< <46 0"C*>i^> 9 O'C-CibS . 

[00181 ^nv-^^^-th'&mi. wmm 
&m<mMizi>xhij:. 3omxt. mtKneofp 
jjJLh, 5 ^ tff a t < ii2^i:jLLX'h *) . mmmm 
m. '^mmiftiii. ^(:>iz+m^mk^txi>m 
50 ^io^axgtj. mjii!ffli:^®ft«&rt"c#a 



(4 

5 

0^a!iC«!KHt«IB^*-f.liFt t < . 5 A, t jf ^ L < 
[0019] 10 

mzx *)^mmmL. c h i a n gc^^t i ottST^ 

G PC t J: xf-wytftS::8iF*T. 

(a) GPCfflSga:S#y-^S LS-8000 

(b) : GMHXL 20 

(c) igSE: DMF 

(d) *7Aias: 4 ox: 

[00 2 0] (3)»?L* 

lOcmxioc in«iryr;i^Srflj")ai ^yTtUff) 
(S?L^ft/-feAV-^'^) xlOO (%) 

^fL^«= (^as (g) -le^fes* (g) ) 

S-S(g/cm3) 30 
-byNV-^'^= 10 0 Xjgjp (cm) 

(4) j^y)U7i^^yh 

ASTM E-1 28-6 Itif^L. X^J'y— ;mJCO 

( 5 ) 5ltt$ 

fe^»cos^jr-h^77AG-Aa$-fflv^T. 

)^^<^^^timi OinmX:ft$l OOmmT'f-A-y^'S 
KffiS Omm. ?l3gffiS2 0 Omm/m i nttJUT^I 

:5'«aSHn6l*>'ISiy^-<^)ft#:fri6li:^:SJ:a«OaiL 40 

[0021] (6)^«^iaiff 
^mmSSAG-4 3 1 1^LCR;'«-^'1;TS!SL 

^. 

(a) mjK?St:rnf^y;&-;}f^-h 5 0««% 
jilSggif'J^»>A lmol/dm3 

(b) ^ :a^mfii 

3mm 

mimm o. ysscm^ 50 



!RfW^^8-2 36 09 5 

6 

IkHz 

(c)ffli :02(cieau<: 

( 7 ) -fe^N°L'-5'<7)@$ 

( 8 ) TO tru-y*---K*- h-^a«fS 

-b>'N°V-:}'S-3OmmX3Ommt:|0'3aiL, 2 5mm 
X 2.0mm«0J?$ 3mm<O;>y9;^^t02tS-tJ: dtc: 

mts, :icr>mmm&mrQi:uy:f/-t::^^-h'Piz 

S . 3 0 mm X 3 0 mmc7)-byS^— ^'^MtlTn 
[0022] 

[5?iffi«^l ] ttS¥%^fi5 07J«OaWffi^Uxf-V 
>*MOwt%. ffiS¥%^H^*2 877(7)©?g«^>JX 
^I^y2 5wt%. aSTi^»i)^S247J^0;Ky7 y'(t; 
h':^UTy*>'5wt%. (a:t!^18wt%, SSftyN-? 

y4 2wt%Sr^>'i^x;l'$^-9--TS^L. 
^^<l>3 0mm<7)Iim?L^LmitZ4 5 Omm^T 

^ffiO MHj^Bfc 03 0 0 mmcosm 

n-;l/^fflv^T. §214 0//m«i^-h*e^jettS:# 

07J*)1fCJ)-5yt:. 

[0 02 3] Tr-f^aiJti^-hiOJi^ti, 500;l£ 

m. fftaiLiatJii 8ox:. Ego-;K^iasj±i 2 

O-CT^-Dit. ^$it3ti^-Hi. 1, 1, 1-h'J 

^uua^^y^izi oji^mv. ^m^'^yy^y^m 
Tyimai^tix\>^^t>^-otz. $fefc6 0"cco2 5%=5 

SA>t. la^TUiS- 1 2 5t:c7)#H^T. XM^-y^-v 

-T\ <i^ri6it4fg. mmm[^^2imtiiitx. * 

>'NV-:J'^#:it. #A>ixf^-by>»V-:J'«#tt^^ltc* 
[0024] 

imm2 ] «iSTi^^fi5 07jOK??]S;K'Jx^^ 
y8wt%. fte¥^^a2 87J«0i«?&S'-}fJxf-U- 
y 2 4wt SS^%3)^ft4 67JC0.-Jf J 7 -y^tt'- 

Ury 8wt. ta^Sl8wt%. gSDA-^^-f y4 

2wt%^ffifflLf^twj±, mmmitmizmmt 

mz^ ^'jxf-i^yS.i/;}f y y y{t\z=.Vfyiiiiiiii^ 
tiX\^j:i}^r>ti. #i?>^iy::-feA-v-^'<o:HfttS:*lfc5^ 



(5) 



#^8-2 36 09 5 
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[0025] 

y 8 w t % . ftJg^J^^a 2 87j(^mmS.^ 'J x^lx 

y 1 8wt%. f&^^m^min 273<oiaiHj?{s??s 

^UX^Wy6wt%. aa^%JHF*2 47jcO;K'J7 
'y'fkt'^'JTy8wt%. {St»}^18wt%. 

y4 2wt%5-ffifflLfeja^Hi. HMCTll^St 

[0026] 

[Iliftfi^4 ] ttST^^H^ft 5 OTjiOam-KUx^U 
y8wt%. ttJSTJ^I*^M2 877<?)am-K'Jxf-U 
yi8wt%, Sl:^%^HF«247JcO;|fj7-y'fLt'::: 
'JTyi2wt%. tS^R18wt%. Sm^'iyy^ 
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*4 073*^-c*ofc. tfz. -^mmtammmmfti 

[00271 

yi 0wt%. KJK¥%^H^»2 87J<?)l«??KJK»Jxf- 
1/^2 2wt%. 273<7)iiji^^®g5 
]g;KUXf-Vy 1 Owt%. SS¥^5HF*2 47J«0^ 
y7-y^tt'::^U7'y8wt%. ^^Kl3wt%. iS 

«tcjQSL3t„ ^riJ, dfJxf-^yajS!}t)«oSF;K¥^ 
^m.ii. 4 07J*StTftoyt. i^:. isrMttfHXtXja 
IMSftaji^tc, ;Kyxf-p>'ai^,ify:7>y'(bt'r^>jT 

[0028] 
[^11 





(X) 




B P 


mm 

(Mm) 




mmmi 


6 8 


3 6 0 0 


3, 2 


3 6 






5 8 


4 0 0 0 


3. 5 


a 5 






5 8 


3 2 0 0 


3. 2 


3 5 




mmm4 


5 8 


3 5 0 0 


3. 3 


3 5 






5 8 


3 2 0 0 


3. 4 


3 5 




IfcCtM 1 


5 3 


7 0 0 0 


4. 3 


2 6 


2^tlJ: 



[0029] 

litMmi ] ttJSTJ^^HFas 0 07jw«?gjg^yxf- 

I^yi lwt%. ttgT^^a4 87J<^^?g^;K'Jx 
f-I^>'8. 8wt%. £l;^%a^M2 07^<7)Xf-^->- 
-r^hr^'y5A- (H+^^d-A ttSOEPO 
IP) 2. 2wt%. gl^i!21wt%. DO? 5 7 

OinmOZttffLmLfiltc:4 5 OmmlgOTiJ^^^Jl') 
#Jt:rv: i'- MSmMt'W^ 1 5 0 // mcoi^- b^^t^ 

[ 0 0 3 0 ] ^^fl/^i^- HI. 1, 1, I hV^ 



!«SL. $^>fc6 0iCC02 5%^y-y4't6 0iHSg 
JUStLt. 2^>tC. gifiS^iUgS: 1 2 5X:tM$n 

^. 

[003 1] 

[Ilifi«»l6] SISt^ilO-feAV-^'^. 80mmX80 
mm<0::*:i;$tfl)')aiL. ff$3mm<7)5 0mmX5 0 



(6) 1^^8-236095 
9 10 

j^^'y 5oim%.^fm imo i/din3) 4> * ii!tMm2] imm2ff)-t/^u-i'i:^metmsnz 

^^i7t•fe>'^■^-^'<?)iaS{i«»^ff<^o^aStl^t•c-^bo [0 03 3] 

[00321 * 













1 d 


2 5^ 


1. 4 O - c 


mmmQ 


1 


6 6 -C 


1 . 3 Q • c rf 


1 o» 


6 5 Tc 


1 , 2 Q - c ^ 




1 » 


7 6 lc 


0. 8 Q • c if 






2 5^ 


1. 6 0 • c If 




i» 


B 5TC 


1. 6 Q - c rf 


1 Ofl^ 


6 & IC 


1, 7 0 - c 




1^9- 


7 & ic 


1 . 8 Q - c irf 



[0034] 
[HiBcofS^^ittBBl 

[i?^oi}iHB] ^ 



2 ^yuyjiiy^y 

3 -fe/\-^-:5' 

4 i1^2cin. rtSl cm, ff;5lmm£0-r7nVVN' 

5 TOi 

7 -t/NV— ^ 

8 Xf^:^?^ 

9 TDbrW>-;&-;K:t'-h 



(7) 



!Km^8-236095 




